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Abstract
In this paper, we have considered a cosmological model with density perturbation and decreasing cos-
mological constant of the form  = 3( _R
2
R2
) + ( R¨R ); ; γ = const. Inspired from brane cosmology, we
supposed the presence of exotic density related to the cosmological constant by the formula 2 = 3m2,
where m is a constant having the dimension of Hubble constant. Their eects on the evolution of the
spatially, flat FRW cosmoligical model of the Universe is analyzed in the framework of higher derivative
theory. The Universe is found to be accelerating with time with no initial singularity for  < 13 and the
cosmological constant is found to decrease as t−2 but smaller than 3H2. The presence of interacting
scalar eld is also discussed.
One of the main problems to nd a quantum theory of gravity is that, General Relativity (GR)
is not renormalizable in [1]. Traditionally this fact has been considered as an obstacle to make
quantum predictions in GR. However, the eective Lagrangian formalism turns out to be an
appropriate technique to study the quantum behavior of gravity at low energies. In fact, when-
ever there is decoupling, we do not need to know the high-energy dynamics in order to obtain
low-energy predictions. When the theory does not decouple, the low-energy measurements pro-
vide useful information on the underlying theory, which should also be valid at higher energies,
although its eective Lagrangian is not renormalizable in the usual sense. In order to absorb
the divergences coming from matter loops in a gravitational background, we have been forced
to introduce a nite number of higher order terms in the gravitational Lagrangian. With these
new terms the theory is renormalizable. However when the gravitational led itself is considered
as a quantum eld, loops of gravitons and their corresponding ghosts come into play, giving rise
to higher order terms which are not present in the Einstein-Hilbert action. Moreover, the more
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loops the higher the ordedr of the terms. The divergences in Einstein gravity were rst obtained
by ’t Hooft and Veltman using the background eld method and dimensional regularization [2].
Since such a theory is unknown, we have to rely on symmetry considerations. Thus, we
can consider the Einstein-Hilbert Lagrangian, with two derivatives and one M2planck factor. In
addition we would have terms with four derivatives and one M0planck factor [3], with six derivatives
and one M−2planck factor, etc. The form of all these operators is determied just by the number of
derivatives and generla covariance. The value of the dimensionless constants multiplying them
will be determied by the underlying theory of gravity. The new terms not only give information
about the underlying theory, but also they absorb the possible loop divergences. Hence the















where !1 and !2 are renormalized constants which could be determined from experiments or
observations, g is the determinant of the 4-dimensional metric, R is the scalar curvature and
Rµν is the Riemann curvature tensor. Obviously, this approach presents many dicult problems
to be solved. First, we have phenomenological problems. As the higher derivative terms are
suppressed by powers of Mplanck they become practically unobservable. These terms can only be
relevant when the curvature is very large. Typically this happens in regions close to singularities
of the classical solutions to Einstein gravity. This fact explains the poor experimental bounds on
the !1 and !2 parameters in the eective Lagrangian [4]. Second, from the theoretical point of
view, the calculations become very hard. Note that even though we know the two-loop divergent
parts of the eective action, we do not know its one-loop nite contributions. In general, these
nite parts are non-local, since gravitons are massless. In what follows, we will neglect !2 for
simplicity and add matter and vacuum energy density to the eective action. This case had
been considered by many authors in order to study classical solutions with particle production.











2 + Lmatter + Lvaccum
]
(2)
Quantum gravity in this sense had attracted attention in studiees of the early evolution of the
Universe [5,6]. In fact, recent observations claimed that the Standard Model of cosmology are
not consistent with these ndings [7]. Numerous models have been presented, discussed and
studied to reconcile these contradictions with observation. The inflationary scenario has suc-
cessfully explained many problems in standard cosmology. There are today a host of inflation
models (the old inflation [8], the new inflation [9], the chaotic inflation [10]...), each with its
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special appeal and problems. Only few of these models have given a satisfactory solution. One
of the motivations for introducing a cosmological term is to reconcile the age parameter and
the density parameter of the Universe with current observational data. Another motivation for
introducing a density perturbation is ’the dark matter problem’. It is evident that adding a
matter eld to the Einstein eld equations will bring a possible solution to the dark matter




) + ( R¨
R
); γ = const [11].
Recently Randall and Sundrum have proposed two models in which our universe is a three-brane
imbedded in a ve-dimensional anti-de-Sitter AdS5 as a possible solution to the heirarchy prob-
lem between weak and Planck scales [12,13]. In contrast with the Kaluza-Klein approach, their
models are based on the idea that standard model elds could be conned to a three-dimensional
world, corresponding to our apparent Universe, while gravity belongs to a higher dimensional
space. Two important questions arise concerning rst the validity of these models with respect
to the cosmological evolution of the Universe and second their agreements with recent observa-
tions. Due to the fact that the energy density of the brane is quadratic in the brane Friedmann
equations, under minimal conditions, the equations governing the cosmological evolution of the
brane are dierent from those derived in standard cosmology [14]. In a recent paper [15], we
shown show that the brane-Friedmann equations are identical to those derived in the standard
4D hot Big-Bang model but with an additional density term playing the role of the gravitino-
density. In other words, we supposed that the total density is in fact the sum of the ordinary
matter and exotic one in the form  = jmatter + jexotic where jexotic = 3m28piG , m being a constant
having the dimensions of time−2.
Some recent measurements on the age of the Universe, Hubble parameter, deceleration param-
eter, gravitational lensing, etc., point to the need of extending the standard model by including
some new energy density (missing energy) in the present Universe [16]. The eld equations could
be derived now from (2) using the principle of least action
Rµν − 1
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where DR  uR.
The so-called Standard Model is today over 75 years old if we identify its birth with the
publication of Friedmann’s paper, giving nonstatic Universe solutions for the Einstein equations
exhibiting spatial homogeneity and isotropy. True there have been amplications and extensions
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during this period but the fact that the mnodel has survived over this long period is an indica-
tion of its intrinsic strength. Recent observations using Type Ia Supernovae as standard candles
seem to indicate that the Universe may be flat and accelerating, driven by a positive cosmolog-
ical constant [17]. The so-called flat FRW metric for a homogenous and isotropic Universe is
represented by [18]:
ds2 = −dt2 + R2(t)bdr2 + r2(d2 + sin2d2)c (4)
The eld equation (3) takes the form:
(1− 3 − )H2 − 6!1(2HH¨ − _H2 + 6H2 _H)−  _H = 8G
3
(5)
where we have made the assumptions that 2 = 3m2 and H =
_R
R
is the Hubble parameter. In
what follows, we assume that the deceleration parameter is constant, say q = constant. That is
_H +(q+1)H = 0 [19,20]. We assume that q+1 6= 0, so that the solution is R(t) = (R0 +mat) 1m .
This solution is free from initial singularity. In this case, equation (5) yields:
 =





(R0 + mat)2(1− 3 −  − m)
]
(6)
In order that   0, we need to have (δ+3β−1)
δ
< m < 1 which implies that the Universe must
be accelerating with time in agreement with recent observations and  < 1
3
. The cosmological
constant in this case will behave as  = (3+)H2+ _H < (1+)H2+ _H = (1+−m)H2 in con-
trast with the inflationary scenario. It is clear that  decrease as 1
t2
. For  = 1,  < (2−m)H2.
In addition for m = 1
2
;  < 3
2
H2 . and The smallness of the cosmological constant is due to the
presence of the density perturbation.
We can also consider a generalized gravitational constant action in the presence of interacting














µ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)
]
(7)
where  is the inflaton eld and V () is the scalar eld potential and show that 2 behave in
the same manner than (6) and we the same conditions (δ+3β−1)
δ
and  < 1
3
.
In conclusion, the cosmological consequences of the following model are shown to be inter-
esting. this model is free from the initial singularity. Further consequences and studies of this
model will be developed in subsequent publications.
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